The effect of lysogenization with five temperate phages from various sources on serotype and lytic phage sensitivity was investigated in six cultures of Vibrio cholerae of both classical and El Tor biotypes. No Recently, serotype conversion induced by a temperate phage has been reported (16). We therefore investigated the correlation between serology, phage type, and lysogeny in V. cholerae. We used natural isolates as well as lysogens constructed with five well-characterized temperate phages, including K-phage (20), a phage (15), VcA-1 phage (7), and VcA-2 phage (7).
The effect of lysogenization with five temperate phages from various sources on serotype and lytic phage sensitivity was investigated in six cultures of Vibrio cholerae of both classical and El Tor biotypes. No changes in serotype or in classical phage sensitivity in the classical biotype were observed. Four of the temperate phages were homoimmune and induced resistance to one of the El Tor typing phages, E3, thereby causing a type change in El Tor strains. The sensitivity to the other phages was not changed. In 14 natural isolates too, E3 (group III) phage resistance correlated with the presence of temperate phage. Postadsorption exclusion was found to be the mechanism of resistance involved. The fifth phage, VcA-1, had a unique immunity profile. It could infect the El Tor biotype of V. cholerae but caused no change in the host properties investigated.
Asheshov et al. (1) first showed the difference in sensitivity of Vibrio cholerae strains to different bacteriophages. Later, Mukherjee et al. (11) developed a highly successful phage typing scheme for the classical biotype which, however, soon became redundant with the sudden widespread emergence of the new El Tor biotype. Several phage typing schemes were then developed for these new vibrios (6, 12, 14, 15) , and, finally, the modified scheme of Basu and Mukherjee (3) , using a different set of five lytic phages, was introduced and is still in widespread use. The El Tor vibrio scheme, although independently found to be valid epidemiologically (4) , still remains problematical. In recent epidemics, all of the phage types originally described could no longer be found. Virtually the only types encountered are types 2 and 4, with a substantial number of untypable strains (8, 9) . Type variability on subculture is also common. After more than a decade of effort, attempts to improve the typing scheme are still in progress (5) .
In 1963, Takeya and Shimodori (19) reported that the majority of El Tor vibrios carry a temperate phage which they named kappa (Kphage) (21) . Several other temperate phages have also been demonstrated in classical and El Tor biotypes (7, 15) . High phage activity in platings of cholera stool is a common observation, and, indeed, Takeya et gl. found that the presence of K-phage is more sensitive than culture test for diagnosis of V. cholerae (20) . Yet the role of temperate phages in the biology of V. cholerae has not been thoroughly investigated.
Recently, serotype conversion induced by a temperate phage has been reported (16) . We therefore investigated the correlation between serology, phage type, and lysogeny in V. cholerae. We used natural isolates as well as lysogens constructed with five well-characterized temperate phages, including K-phage (20) , a phage (15), VcA-1 phage (7), and VcA-2 phage (7).
MATERIALS AND METHODS Cultures. The 24 strains used are listed in Table 1 (20) , phage a from variety 2 (15) , and phage 241 from strain PS241 (our collection), these supernatants were additionally treated with DNase (1 ,ug/ml; MgC92, 5 x 10-3 M) for 1 h at 37°C before filtering through G5 scintered glass Three intramuscular injections of purified phage in complete Freund adjuvant (Difco Laboratories) followed by four intravenous injections were given in graded doses (0.1 to 1.0 ml) over a period of 6 weeks. Antisera were absorbed of bacterial antibody with packed cells of Mak757, and complement was inactivated at 56°C for 0.5 h. The antiviral titers (50% endpoint) were in the region of 1/ 1,000 by the neutralization test. The sera were used routinely to neutralize phage at five times this concentration.
Preparation and testing of lysogens. Four El Tor (Mak757, VRC276, VRC242, and HP47) and two classical (H218 and T2) biotype strains were used as recipients. They were all sensitive to phage E3, and no temperate phages were detected in them. From stock phage suspensions, 0.1 ml of a 104-PFU/ml suspension was added to 0.1 ml of test culture (CFU, 103/ml), incubated for 10 min, and diluted to 2 ml in nutrient broth. The mixture was incubated for 2 h at 30°C and then at 37°C for 18 h and plated. Forty to fifty colonies were picked up and phage typed. The colonies showing change in type were examined for sensitivity to all of the lytic and temperate phages for the presence of infecting phage and for serotype. To confirm the 
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Phage sensitivity and serology of induced lysogens. True lysogeny was deemed to have been established in the phage-treated cultures by demonstrating (i) immunity to and presence of infecting phage after rdpeated subculture and (ii) inabilty to cure lysogeny by repeated singlecolony isolation and also growth in rifampin and antiphage serum-containing broth (to rule out the possibility of pseudolysogeny) (17) . Thus, the proportion of lysogenized colonies ranged from 20 to 100% among the six recipients of both biotypes tested, the lowest being in strain Mak757 (Table 2) .
Phages at, 241, 22, and VcA-2 all caused 100% conversion to resistance to typing phage E3 in both biotypes (Table 2 ). These four phages also had similar immunity patterns (Table 3) (8, 9) , which differ from each other only in sensitivity to this phage. One would therefore expect to find this difference to reflect lysogeny by K-phages. In our series of isolates (Table 1) taken from several epidemics between 1967 and 1974, this was found to be the case.
We were able to show that E3 resistance was due to postadsorption exclusion in K-lysogens. These lysogens were able to adsorb phage E3, but unproductively (Table 4) . Clear plaque mutants of K-phage occurred at high frequency and resembled phage E3 in morphology and immunity profile. It is likely, therefore, that this phage is a coimmune type of a lytic mutant of K-phage and is repressed by K-repressor in these lysogens.
VcA-1 phage was found to be unrelated to the K-phages in its immunity profile. It also differed from them in lacking phage type-converting activity. This phage was reportedly ubiquitous in classical V. cholerae (7) . There are no reports of its occurrence in the El Tor biotype. We have demonstrated that the El Tor vibrio can act as a host to this phage, and it is therefore still likely to occur. A derivative of this phage may prove to be a useful addition to the typing series.
